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中通过对甜土植物  (glycophyte) 拟南芥  (Arabidopsis thaliana) 及盐生植物 
(halophyte) 盐芥 (Eutrema salsugineum) 进行盐胁迫，利用Poly(A)-tag sequencing  
(缩写PAT-seq) 高通量测序技术和生物信息学分析对两个物种短时间盐胁迫后
全基因组范围内的多聚腺苷化位点进行描绘，对差异表达的poly(A) 位点  
(differentially expressed poly(A) clusters, 缩 写 DE-PACs) 、 差 异 表 达 基 因  




(1) 拟南芥和盐芥盐胁迫过程中发生了广泛的 APA 现象。通过对拟南芥和
盐芥进行 3 小时的 200 mM NaCl 处理，共构建 12 个 PAT-seq 文库并进行 Illumina
二代高通量测序，结果拟南芥共获得 44395 个 PACs，分布在 20208 个基因中，
54.4%的基因有2个或者2个以上的PACs。盐处理还能增加位于基因间区的PACs
及增加拟南芥 APA 基因的比例；盐芥共获得 30226 个 PACs，这些 PACs 分布在
17939 个基因中，其中有 47.1%的基因有 2 个或者 2 个以上的 PACs。说明拟南
芥和盐芥在盐胁迫过程中发生了广泛的 APA 现象。 
(2) 拟南芥和盐芥盐胁迫条件下的 PAC 基因的表达模式显著不同于对照组。
通过聚类分析和主成分分析可以发现拟南芥和盐芥在盐胁迫条件下的 PAC 的表
达模式相比于对照组有较大差异。拟南芥中共有 3037 个 PACs 发生差异表达，





















过程基因的表达。拟南芥盐胁迫 DE 基因中有 68.1%的基因也是 DE-PAC 基因，
42.2%是差异 APA (differentially expressed APA，缩写 DE-APA) 基因；盐芥中差
异表达的基因中有 53.8%的基因为 DE-PAC 基因，有 29.3%的基因为 DE-APA 基
因。由此可以说明盐胁迫条件下多聚腺苷化及选择性多聚腺苷化与基因表达关系
十分密切。 
(4) 盐胁迫条件下拟南芥和盐芥倾向于使用远端 poly(A) 位点，盐芥受 APA
影响较小。无论是拟南芥还是盐芥，盐胁迫条件下位于 3′非翻译区 (3′ untranslated 
region，缩写 3′UTR) 变长的基因数目多于变短的基因数目，具有显著差异的基
因数目也更多，说明盐胁迫条件下拟南芥和盐芥倾向于使用远端 poly(A) 位点。
拟南芥 3′UTR 长度变化的基因数远大于盐芥，说明盐芥受 APA 影响较小。在拟
南芥和盐芥中，mRNA 加工元件如剪切因子位点发生 APA 变换 (switching) 的
变化和多聚腺苷化因子 PCFS5 和 CstF50 的基因表达变化可能影响拟南芥和盐芥
对 poly(A) 位点的选择。 
 (5) 选择性多聚腺苷化在调节拟南芥和盐芥盐胁迫响应过程中的作用是有
共性也有差异的。通过对盐芥特异表达的 PAC 基因与拟南芥在盐处理条件下特
异表达的 PAC 基因进行比较，结果发现有 26 个基因有重叠现象，而且这些基因
无论是以拟南芥的基因为背景还是以盐芥的基因为背景，都能显著富集至细胞缺





















Soil salinization is one of the worsening environmental problems in the world, 
with nearly 20% of the farmland being affected. It can affect crop growth, reduce crop 
productions and economic benefits. To adapt to salinity environment, some plants can 
tolerante salinity condition through gene expression regulation. Alternative 
polyadenylation (APA) is emerging as a way used to control gene expression and 
plays important roles in adaptation to the environment. It can increase the diversity of 
transcripts, control mRNA stability and influence translation process. However, the 
role of APA during plant salt stress has not been systematically studied. In this study, 
glycophyte Arabidopsis thaliana and halophyte Eutrema salsugineum were compared 
by using poly(A)-tag sequence (PAT-seq) and bioinformatics analysis. We treated 
plants of these two species with 200 mM NaCl for 3 hours and portrayed poly(A) 
clusters (PACs) at a whole genome level, analysed differentially expressed PACs 
(DE-PACs) and differential expressed genes (DE genes) using functional clustering 
and metabolic pathways, and finally revealed the regulatory mechanism of APA 
during salt stress in A. thaliana and E. salsugineum. The results will help to 
understand plants adaptation mechanism to salt stress and potentially pave the way for 
breeding salt-tolerant crop varieties. 
The main results are as follows: 
(1) APA widely occurred in A. thaliana and E. salsugineum. In this research, 
plants of these two species were treated with 200 mM NaCl for 3 hours. A total of 12 
PAT-seq libraries were prepared for Illumina high-throughput sequencing. Results 
indicate that A. thaliana possessed 44395 PACs, which fell into 20208 annotated 
genes, and 54.4% genes had more than one PAC. Salt treatment can significantly 
increase the proportion of APA genes; E. salsugineum had 30226 PACs, which 
belong to 17939 annotated genes, and 47.1% genes possessed more than one PAC. 
(2) Gene expression patterns of A. thaliana and E. salsugineum were different 
from control groups in response to salt stress. By clustering analysis and principal 
component analysis, salt treatment samples were far away from the control groups, 
which conferred the different expression patterns of A. thaliana and E. salsugineum. 
Arabidopsis had 3037 DE-PACs, while E. salsugineum had 998 DE-PACs. They both 















mediated signal pathways, response to wounding, and cellular components such as 
vacuole, plasma membrane, and chloroplast. For those upregulated PACs in A. 
thaliana, they are significantly enriched in KEGG pathways such as plant hormone 
signal transduction, starch and sucrose metabolism, fatty acid elongation. For those 
upregulated PACs in E. salsugineum, they were enriched in the plant hormone signal 
transduction, stilbenoid, diarylheptanoid and gingerol biosynthesis, arginine and 
proline metabolism; The down regulated PACs are mainly enriched in protein 
processing in endoplasmic reticulum. 
(3) Polyadenylation or alternative polyadenylation is co-transcriptional in A. 
thaliana and E. salsugineum under salt stress. In A. thaliana, DE genes overlap 
68.1% with DE-PAC genes and 42.2% with DE-APA genes; In E. salsugineum, DE 
genes overlap 53.8% with DE-PAC genes and 29.3% with DE-APA genes. This 
suggested that polyadenylation or alternative polyadenylation and gene expression are 
co-regulated in response to salt stress. 
 (4) A. thaliana and E. salsugineum both tend to use distal poly(A) sites under 
salt stress condition, while E. salsugineum is less being regulated by APA. The 
number of 3'UTR (3′ untranslated region) lengthening genes are larger than 3'UTR 
shortening genes both in A. thaliana and E. salsugineum. The significantly 
lengthening genes or shortening genes have the same tendency. Interesting to find that 
some mRNA processing components including cleavage factors and polyadenylation 
factors show APA switching or expression level changes, which may affect the 
poly(A) site selection according to previous reports. 
 (5) Alternative polyadenylation of A. thaliana show common and different 
regulation with E. salsugineum under salt stress. Exclusively expressed PAC genes 
of A. thaliana has 26 genes overlap with exclusively expressed PAC genes of E. 
salsugineum. Those genes can be significantly enriched to biological process such as 
ABA response, water deprivation and transcription factor activity; However 
exclusively expressed PAC genes in A. thaliana is larger than E. salsugineum which 
suggest a big difference between these two species. 
 
Key words: Arabidopsis thaliana; Eutrema salsugineum; Alternative polyadenylation; 
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(Na+/H+ exchanger) 和SOS (salt overly sensitive) 逆向离子转运蛋白以及HKT 
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HKT 亚家族 1 和 HKT 亚家族 2[14, 15]，亚家族 1 为 Na+选择性的转运蛋白[16]，而
亚家族 2 为 Na+-K+共转运蛋白[17]。拟南芥 HKT 基因编码的是亚家族 1 的转运蛋
白，该基因突变将导致盐胁迫条件下拟南芥叶片中 Na+的过度积累，同时根组织
中的 Na+浓度下降，这说明 AtHKT1 在控制根和叶片中 Na+的分布具有重要作用
[18]。而 HKT 亚家族 2 蛋白可同时转运 Na+、K+，大麦 HvHKT2;1 基因在非洲爪
蟾蜍卵母细胞中可同时转运 Na+、K+，过表达突变体也可提高对 Na+的吸收及叶
片中 Na+的迁移至木质部中[19]。然而，盐芥 TsHKT1;2 虽然属于 HKT 亚家族 1，
其蛋白可共转运 Na+和 K+，且其在无 Na+和 K+转运体的酵母突变体中对 K+的转
运能力强于对 Na+的转运能力，盐芥 TsHKT1;2 转运体的功能的不同可能是盐芥
耐盐能力较强的一个重要因素[15, 20]。 
1.1.2 渗透保护物质的合成 












酸 (salicylic acid，SA)、赤霉素 (gibberellic acid，GA)、油菜素内酯 (brassinosteroid，
BR) 以及乙烯 (ethylene，ET) 在植物响应胁迫及适应环境中具有重要的调节作
用。植物在受到缺水胁迫可导致 ABA 合成增加，而盐胁迫可导致渗透胁迫及水
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